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2-Aminopyridines are known skeletons in organic and medicinal chemistry. 5 Methods for the synthesis of 2-aminopyridines involve the reaction of 2-halopyridines with amines using metal catalysts. [6] [7] [8] [9] Since in some cases, amination leads to a mixture of products and the reported methods are often not applicable at large scale, developing new and mild methods for the preparation of 2-aminopyridines is still desirable. Certain 2-amino-3-cyano-pyridines show bioactivity, and different approaches for their synthesis have been reported. 10 In particular, 3-formyl chromone has been used as a starting material for the synthesis 2-amino-3-cyano-pyridines through ring opening.
11 Such compounds have a potential for cyclization to access heterocyclic skeletons such as quinazolinones.
12, 13 Recently, Langer reported the synthesis of 2,3-dihydroquinazolinones using 2-aminobenzonitriles in the presence of a base in aqueous medium.
14 Quinazolinones have extensive biological properties such as anticancer, antibacterial, antihypertensive, antidiabetic, anti-inflammatory, anticonvulsant, and antiallergic activities. 15, 16 In Figure 1 , the structures of some bioactive compounds containing the quinazolinone skeleton are shown.
In view of the importance of functionalized quinazolinones, 17 we report herein the synthesis of 2,3-dihydropyrido[2,3-d]pyrimidin-4(1H)-one through a post-transformation of a multicomponent reaction in water with diammonium hydrogen phosphate (DAHP) 18 as a source of nitrogen (Scheme 1). The three-component reaction of chromone carbaldehyde, malononitrile, and diammonium hydrogen phosphate (DHAP) in water led to functionalized 2-amino- At first, 3-formylchromones 1a-c were synthesized based on a known reaction of 2-hydroxyacetophenes and Meldrum's acid, and the study began with designing a model three-component reaction of 3-formylchromone 1a, malononitrile 2, and a source of nitrogen 3 in water at room temperature or 50 °C. Under all reaction conditions, the isolated product was compound 4a. As shown in Table 1 , diammonium hydrogen phosphate (DAHP), ammonium acetate, and ammonia solution were used as the sources of nitrogen.
Comparison of the yield of the product and reaction temperature showed that DAHP was the most suitable nitrogen source and the optimal temperature was 50 °C. Meanwhile, the molar ratio of DAHP was investigated and the best yield was obtained with 1.5 equiv of DAHP (93% yield). The reaction was also carried out in ethanol, but using water resulted in a better yield. The driving force of the reaction is the precipitation of the product from water. After optimizing the reaction conditions, the scope and limitations were studied using different 3-formylchromones 1a-c, malononitrile, and diammonium hydrogen phosphate. The desired products 4a-c were synthesized under the optimized conditions and the results are summarized in Scheme 2 and Table 1.
19
The structures of compounds 4a-c were deduced from their 1 H and 13 C NMR spectroscopic and ESI-HRMS data. For compound 4a as a representative example, the 1 H NMR spectrum consisted of singlets for the -OH and -NH 2 protons at δ = 10.25 and 7.81 ppm, respectively. The H-2 and H-4 of the pyridine ring resonated at δ = 8.11 and 8.47 ppm. The proton decoupled 13 C NMR spectrum of 4a showed 13 distinct resonances, consistent with the proposed structure. The carbonyl carbon of the unsaturated ketone resonated at δ = 192.2 ppm. The structure of 4a was subsequently confirmed by single-crystal X-ray crystallographic analysis (Figure 2 ). Compound 4a can form effective intermolecular hydrogen bonding in the crystal structure between the -NH 2 and -CN groups and the pyridine nitrogen (see the Supporting Information) 
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After the synthesis of compounds 4a-c, the model reaction was carried out using 4a and benzaldehyde in water and in the presence of different bases, when the desired 2,3-dihydropyrido[2,3-d]pyrimidin-4(1H)-one 6a was isolated. In an effort to optimize the reaction, different bases such as trimethylamine, diisopropylethylamine, L-proline, potassium hydroxide, potassium carbonate, DAHP, cesium carbonate and potassium phosphate were studied, with the best yield being obtained with potassium phosphate. After finding the most suitable base, the model reaction was investigated in a range of solvents such as acetonitrile, ethanol, and DMF as well as water. However, in all cases, the yield of the desired product was lower compared with using water as the solvent. The model reaction was then investigated using varying amounts of potassium phosphate as the base and the optimum yield of 86% was obtained with 1.5 equivalents. Subsequently, the influence of the reaction temperature was investigated and it was found that 100 °C resulted in the best yield. Thus, the optimal reaction conditions for the synthesis of 6a involved conducting the reaction in water with 1.5 equivalents of potassium phosphate at 100 °C (Table 2) .
After finding suitable reaction conditions for the synthesis of 6a, the scope of the reaction was explored using different functionalized 2-aminopyridines and aromatic aldehydes. The product 2,3-dihydropyrido[2,3-d]pyrimidin-4(1H)-ones 6a-o were obtained in moderate to good yields and with no side reactions (Table 3) . A characteristic resonance for all of these compounds in the 1 H NMR spectra was a singlet at δ = 5.90-6.10 ppm assigned to the aliphatic methine proton and also a distinctive peak in the Subsequently, we investigated one-pot reaction conditions for the reaction model without separation of 4a and the second reaction was carried out by adding potassium phosphate to the aqueous reaction medium. This led to formation of the desired product 6a with a lower yield of 70% compared with 86%.
In conclusion, we have reported a novel approach to access functionalized 2,3-dihydropyrido[2,3-d]pyrimidin-4(1H)-ones 6a-o in good yields through sequential reaction of functionalized 2-aminopyridines 4a-c, which were synthesized through a three-component reaction in water in which diammonium hydrogen phosphate was used as a source of nitrogen in the reaction mixture. The current strategy offers advantages such as moderate to good yields, purity of products, simple work-up, and use of an environmentally benign solvent.
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